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ABSTRACT 

Flutamide is one of the recommended and important drug for treating prostate cancer. In spite of this there some scientific reports that 

recommending against this drug according to some side effects. This is in turn paves the way towards investigating electronic properties 

of the drug with conventional molecular modeling methods. So that, density functional theory at B3LYP as well as Hartree-Fock HF 

together with PM3 were utilized to study the drug. Some important parameters are computed in this computational note including total 

dipole moment, HOMO/LUMO band gap energy and the contour of molecular electrostatic potential in order to map the active sites of the 

studied drug in terms the charge distributions. Finally, the infrared assignment of the flutamide is introduced based on B3LYP model. 
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1. INTRODUCTION 

 Drug design is one of the recommended fields whereas 

molecular modeling could be applied [1-2]. Molecular modeling is 

a class of computer aided computational work to investigate the 

different properties of molecules in different areas of research and 

applications [3-7]. 

 Flutamide is an oral, non-steroidal antiandrogen drug 

primarily used to treat prostate cancer [8-13]. In spite of its well-

known application in the treatment of prostate cancer there some 

reports against it, based on the side effects. Furthermore, the drug 

is found to be photolabile under UV-B light in either aerobic or 

anaerobic conditions [14]. Among the adverse impacts, it is stated 

that  liver toxicity including fatal hepatic necrosis is induced as a 

result of treatment with flutamide [15]. It is also reported that 

gastrointestinal (GI) was also recorded as a side effect of flutamide 

during treatment [16]. While it was also reported that, it may  induce 

gynecomastia. In this sense, it is recommended that, the Tamoxifen 

could  partially counteract this effect.  Some reports recorded that, 

patients experience mild liver injury, which resolves when the drug 

is discontinued. So that, it is recommended in some cases to replace 

flutamide with bicalutamide as it is recommended for minimization 

of such side effects [17-18]. This in turn requires scientific efforts 

in research to overcome these sid effects. Accordingly, the drug is 

supposed to interact with graphdiyne nanotube as nano carrier to 

enhance its ability to work as anticancer [19].  Another attempt is 

to detect fluamide throughout electrochemical detection as the drug 

with gold electrode [20].  A model serves as a standard tool for 

flutamide human risk assessment is developed. This model was 

developed for the  harmonized whole body physiologically based 

pharmacokinetic or flutamide in rats the further extrapolated to 

humans [21].  The residue of the drug in urine with a topic of 

research interest. So that, the electrochemical behavior of flutamide 

is further studied with carbon paste electrode modified by 

CuO/GO/PANI nanocomposite [22]. Spectroscopic determination 

of the residue of the drug in the environmental samples paves the 

way to researchers to develop analytical methods for determinations 

of flutamide. lanthanum cobaltite decorated halloysite nanotube 

(LCO/HNT) nanocomposite was used for the fast and direct 

determination of flutamide in environmental samples [23]. Some 

physical parameters are calculated with molecular modeling show 

the ability to describe the reactivity of a given molecular system. 

These parameters including total dipole moment, HOMO/LUMO 

band gap energy and molecular electrostatic potential [24-29]. In 

this sense molecular modeling is dedicated to studying flutamide to 

indicate its reactivity in terms total dipole moment and band gap 

energy while the active sites are indicated while the molecular 

electrostatic potential is mapped. Therefore, the present 

computational notes are conducted. 

2. MATERIALS AND METHODS 

Calculation Details. 

 A model molecule for flutamide was built as indicated in 

figure 1. Model molecule was calculated with G09  program system 

[30] at Spectroscopy Department, National Research Centre. The 

optimization was performed at three levels including PM3, HF/6-

31gd,p) and DFT: B3LYP/6-31g(d,p) [31-33]. Total dipole 

moment, HOMO/LUMO band gap energy and Molecular 

electrostatic potential are calculated. Vibrational calculations and 

assignment was conducted at B3LYP/6-31g(d,p). 
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3. RESULTS  

 Figure 1 presents the model structure of the studied 

flutamide which is subjected to optimization at B3LYP/6-31g(d,p), 

HF/6-31g(d,p) and PM3 levels. To describe the reactivity of the 

flutamide, the band gap energy is calculated as the difference 

between highest occupied molecular orbit and lowest unoccupied 

molecular orbit HOMO/LUMO. Figure 2 presents the mapping of 

both HOMO/LUMO whereas the band gap at B3LYP/6-31g(d,p) 

was 4.486 eV while the total dipole moment was 8.815 Debye. 

 
Figure 1. Model structure of the studied Flutamide. 

 
Figure  2. Calculated B3LYP/6-31g(d,p) HOMO/LUMO band gap 

energy as 4.486 eV while the total dipole moment is 8.815 Debye. 

 

 Another description for reactivity could be described as in 

figure 3 for the contour of molecular electrostatic potential MESP. 

 
Figure  3. Mapping the contours of molecular electrostatic potential 

which is calculated at B3LYP/6-31g(d,p). 

 Correlation between reactivity and charge distribution is 

previously reported. The distribution of charge is given by contours 

with different colors [34-36]. It is stated that MESP is following the 

color scheme according to the following increasing orders: red < 

orange < yellow < green < blue.  Blue indicates the highest MESP, 

while  red indicates the lowest MESP.  

 Regarding the contour of MESP in figure 3 it is clear that 

active sites are surrounding oxygen and fluorine atoms which 

indicated that nearly all the sites in the studied molecules are 

reactive.   

2.1. Vibrational Assignments. 

 For the studied optimized structure another important 

parameter could be also calculated namely the vibrational spectra 

calculations.  

 Besides its importance in the assignment of the given 

structure as computational methods providing the facility of the 

assignment of the calculated spectra. This calculation is another 

confirmation for the optimization of the studied structure as one 

obtain small frequencies tend to zero and/or positive frequencies 

rather than negative frequencies which indication for transition 

states not optimized structures. 

 Three level of theories were followed for the calculation of 

the IR spectrum of flutamide.  

 Title molecule has 84 (67 actives  17 in actives) probable 

vibrational modes. Only 19 modes with remarkable intensities have 

been chosen (16 A' + 3 A''). The computed wavenumbers and the 

corresponding assignments at B3LYP/6-31G(d,p). HF/6-31G(d,p) 

and PM3 ZDO are presented in Table 1. The calculated IR charts at 

B3LYP/6-31G(d,p), HF/6-31G(d,p) and PM3 ZDO are presented in 

Figures 4, 5 and 6 respectively. Assignments are based upon 

computationally predicted wavenumbers visualized by GV5 

program. Predicted assignments at B3LYP/6-31G(d,p) have been 

discussed briefly as in the following 

 
Figure 4. IR spectrum for flutamide which is calculated at B3LYP/6-

31g(d,p) level. 

 
Figure 5.  IR spectrum for flutamide which is calculated at HF/6-31g(d,p) 

level. 

 
Figure 6. IR spectrum for flutamide which is calculated at semiempirical 

PM3 level. 

 

2.2. Single bond vibrations. 

 Mode (19,18) are recognized respectively to N-H and C-H 

stretch at 3621 and 3287 cm−1 at B3LYP/ 6-31G(d,p). Modes 

(17,16) are specified for both symmetric and asymmetric C-H 

stretch at 3123, 3024 cm−1. Modes (10,9) are assigned to N-H bend-

in at 1398, 1321 cm−1 while modes (8-6) are attributed to C-H bend-

in at 1260, 1185 and 1166 cm−1, respectively. Mode (3,4) are 
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referred to both N-H and C-H bend-out at 851 and 768 cm−1, 

respectively.   

 Mode (11) is attributed as CH3 deformations at 1553 cm−1 at 

B3LYP/6-31G(d,p). Mode (1) is specified for C-F + C-N + C-C 

bend-in at 578 cm−1. While modes (5,4) are assigned to C-F+C-N 

and C-C stretch at 1064 and 953 cm−1, respectively.  

2.3. Double bond vibrations. 

 C=O, C=C stretch are noticed at range 1750-1560 cm−1. 

Modes (15,14) are specified to C=O stretch at 1791 and1668 cm−1, 

respectively.  Modes (13,12) are recognized to C=C stretch at 1654 

and 1562 cm−1, respectively. 

 

Table 1. Calculated IR spectrum for flutamide and their band assignment which calculated at three levels namely B3LYP/6-31G(d,p), HF/6-31G(d,p) 

and PM3 semiempirical level. 

No B3LYP/6-31G(d,p) HF/6-31G(d,p) PM3 Vibrational Assignments 

 Wavenumber 

(cm-1) 

IR 

Intensity 

Wavenumber 

(cm-1) 

IR 

Intensity 

Wavenumber 

(cm-1) 

IR 

Intensity 

1 578 58 586 67 684 111 β C-F + β C-N+ β C-C 

2 768 17 754 25 720 75 γ C-H 

3 851 24 881 38 833 160 γ N-H 

4 953 8 960 26 971 22 υ C-C 

5 1064 43 1065 32 1047 13 υ C-F + υ C-N 

6 1166 191 1155 19 1127 85 β C-H 

7 1185 143 1263 68 1176 168 

8 1260 162 1285 137 1192 36 

9 1321 128 1358 386 1373 42 β N-H 

10 1398 159 1389 274 1413 218 

11 1553 237 1464 287 1465 562 CH3 deformations 

12 1562 358 1578 462 1550 175 υ C=C 

13 1654 179 1641 395 1596 655 

14 1668 68 1669 74 1789 183 υ C=O 

15 1791 128 1721 282 1909 674 

16 3024 33 3183 47 2869 145 υs C-H 

17 3123 39 3189 43 3023 29 υas C-H 

18 3287 22 3258 61 3084 45 υ C-H 

19 3629 24 3900 40 3364 17 υ N-H 

υ (stretch); υs (symmetric-stretch); υas (asymmetric-stretch); β (bend-in); γ (bend-out) 

 

4. CONCLUSIONS 

 Molecular modeling at DFT, HF and semiempirical methods 

show the ability to study the reactivity and vibrational spectra of 

drugs such as flutamide. 

 For such a small molecule it is indicated that the studied 

models show comparable results. The present computational 

models could be useful to draw the reactivity and lead the research 

for controlling drugs in terms of their reactivity which in turn could 

suggest a solution in term substations of active sites or minimizing 

the adverse impacts if it exists. 
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